In this article, we conceptualize technique effect from a carbon emission reduction perspective, informed by the work of MacDougall, Shahbaz, and Daron Acemoglu and others following them. Building on this, we classify these determinants of technique effect into two typologies. Foreign trade and foreign direct investment are defined as external channel. Research and development are defined as internal channel. We set up a two-way fixed effect model to illustrate how technique advancement effect on carbon emissions reduction through different channels. Considering the regional heterogeneity, human capital is added in the model as interaction term. By using the panel data of 30 regions in China during the period from 2005 to 2012, regression results indicate that foreign direct investment and expenditure of R&D significantly reduce carbon emissions in China, Technique effect of foreign trade on carbon emission reduction is not obvious. Techinque effect of foreign direct investment on carbon emission reduction has regional heterogeneity. Technique effect of FDI on carbon emission reduction also depends on the level of human capital. Wih the higher levels of human capital, the inhibitory effect of foreign direct investment on carbon emission is more significant.
Introduction and Literature Review
With the development of China's urbanization and industrialization, the consumption of coal, oil, natural gas and other energy have risen with enormous carbon dioxide emissions. The contradiction between economic growth and carbon emissions has been increasingly prominent. Low carbon economy had to be discussed on the agenda. Energy saving and emissions reduction need to be taken into account simultaneously. However, as is known to all, the capital shortage and the weak technological base in china are two difficulties in developing low-carbon economy. To solve this problem, china implements the positive reform and opening-up policy. Therefore, foreign direct investment and foreign trade can be regarded as the external channel through which to achieve technique effect on carbon emission reduction. MacDougall is the pioneer to analyze the technology spillover effect of foreign direct investment (MacDougall ,1960) , Then the followers applied it to study its influence on carbon emission reduction. Many different theoretical perspectives are formed to investigate the impact of foreign direct investment on carbon emission reduction. They could be sum up to the following three points of views: foreign direct investment technology spillover help carbon reduction (Shahbaz,2011; Luo,2013) ;foreign direct investment technology spillover go against carbon emission reduction (Jorgenson et al,2007; Dai,2011) ;technique effect of foreign direct investment on carbon emission reduction is uncertain. Research has shown that impact of foreign direct investment on pollutants depends on the provincial human resource condition. The effect of foreign direct investment on carbon emission is quite other with different human capital in a given region. (Lan,2011; waise,2015) . There are also two opposite views on the relationship between trade and carbon emission. One point of view is that trade openness increases carbon emission. Alternative view is that the foreign trade reduces carbon emissions. International trade significantly promoted the technological progress in China, speeded up the introduction and absorption of foreign advanced technology and equipments, and improved the efficiency of energy utilization, so as to achieve the purpose of reducing carbon emissions (Cole,2004; Stan,2002; Sun,1998) . Technical research and development is the internal channel to reduce carbon emissions. Some scholars empirically analyzed the implication of R&D on the efficiency of carbon emissions by establishing models. Results show that R&D not only promote the China's energy efficiency, but also effectively improve the ability of absorbing foreign R&D technology. (Gao,2010; Mei,2010) . To sum up, the past studies of carbon emission reduction mostly focused on the perspective of separate technique effect. Comprehensive research on the internal-external channels of technique effect on carbon emission reduction is very few. We considered the regional heterogeneity in different channels. Human resource is described as an interaction term to represent this characteristic. In empirical analysis, we establish a two-way fixed effects model to estimate the influence of foreign trade, foreign direct investment and R&D on the carbon emission reduction. Figure 1 shows the internal-external channels of technique effect on carbon emission reduction. 
Two-way fixed effect model of technique effect on carbon emission reduction
Technical progress is useful for carbon emissions reduction. This technique effect can be divided into internal channel and external channel in an open economy. As R&D expenditure grows ,the industrial technology is escalating. The quantity of input to every unit of product is declining, and so is the quantity of carbon emission. We defined this way to reducing carbon emissions as the internal channel. A country can also promote its technology by means of communication with other countries. Foreign trade and foreign direct investment can promote the skill level of the host country. We defined this way as the external channel of technique effect.
Framework of the two-way fixed effect model
In order to analyze comprehensive influence of technique effect on the carbon emissions through internal-external channels. Foreign trade、Foreign development investment and R&D expenditure are selected as core variables. Real GDP, industrial structure and energy intensity are chosen as control variables. ε is for random perturbed variable.
Data collection and processing
According to the Carbon emissions calculation method provided by IPCC :
caremi is for carbon emission (Ten thousand tons of standard coal), is for variety of energy sources. i m is for energy consumption , i δ is for coefficient of carbon emission.
The value of the standard coal conversion coefficient of energy resources and carbon emissions coefficient is shown in table 1 basing on National greenhouse gas emissions listing guidelines published by IPCC. As carbon emissions coefficient changed little every year, and it is difficult to measure the carbon emission directly, we suppose the coefficient is fixed every year. The data of various energy consumption are from man-land system subject database and china economic information network. liquefied natural gas (LNG)= 1.38 cubic meters of natural gas; 1 cubic meters of natural gas=0.7256 kg of liquefied natural gas (LNG); The trade indicator can be regarded as the ratio of total volume of foreign trade (IMEX) and GDP, which is also called foreign trade dependence degree. FDI indicator is shown as the ratio of real FDI and GDP measured by flow indicator as per Acharkyya's practice [17] . R&D indicator is presented as the ratio of Domestic science-technology research and development expenses within budget and GDP. We make trade ,FDI and R&D as core variable. As the index of economic development, GDP values are deflated with price index in 2005 for the base period. The RGDP (real GDP) preferably describes the economic scale. Energy intensity is mean energy consumption per GDP, used for measurement of energy efficiency. Low energy intensity is equivalent of high energy efficiency. We choose the share of secondary industrial output to GDP as the proxy variable of industrial structure according to practice of Jorgenson \ Perkins and Neumayer. Real GDP, energy intensity and industrial structure are regarded as control variables. Considering the availability of data in China, the sample interval selected covers period 2005 -2012. All data come from China Yearbook, China's economic and social development statistical database,, science and technology of China website, provincial statistical information network, national data website. Due to the data incompleteness in Tibet, we only choose 30 provinces, autonomous regions and direct-controlled municipalities as sample objects. The missing individual data are made up by moving average method.
Results

unit root test
Since most macro data is not smooth, unit root test was carried out on the data first before regression analysis in order to avoid spurious regression. Every one percent increase in R&D leads to 15% augmentation in carbon emissions on the premise of other variables constant. So domestic R&D input plays an important role to improve carbon emissions reduction. The more R&D input, the more skilled in R&D, thus promoting technological progress, upgrading the industrial equipment, enhancing the management level and realizing energy conservation and emission reduction. effect of increasing FDI on carbon emissions appeared gradually weakening trend from east to west. There is a negative correlation between foreign trade and regional carbon emissions, with significant effect of trade on per carbon emissions in eastern area compared to others. R&D in various areas has a significant negative relationship with carbon emissions, depending on regional economic development level. This suggests that the technical effects caused by internal channels plays an active role in energy conservation and emissions reduction. Technology innovation enhances the energy saving technique, and improves the high energy consuming equipment, thus reduces carbon dioxide emissions. Real GDP per capita effect significantly, energy intensity reduction. Industrial restructuring are both in favor of carbon emissions reduction. By comparing the interaction of FDI, trade, R&D and human capital , we find that only the interaction item of human capital and FDI is significantly positive, indicating that FDI effect on carbon emissions are affected by human capital. FDI effect on the environment pollution depends on the human capital level. When the human capital level is high, It appears a negative relationship between FDI and pollutant emission,, and otherwise when the level of human capital is low. It means only when high levels of human capital of certain region, FDI promote local technology absorption, and make positive contribution on pollutant emission. As can be seen in table 5, the influence of FDI on carbon emissions appears difference under different human capital level. The eastern part of the human capital level is significantly higher than the central and western regions. So FDI effectively reduce the carbon emissions and promote the development of low carbon economy by means of enhancing human capital level.
Conclusions
This paper extends the existing empirical analyses of various technique effect on carbon emissions reduction by decomposing technology progress into two channels of external channel containing trade as well as FDI and internal channel referring to science and technology R&D at a detailed regional level for 30 china's provinces or municipalities, covering the period 2005-2012. Fixed effect parameter estimation revealed that FDI and R&D significantly reduced carbon emissions in China, R&D effect on carbon emissions and carbon intensity is more evident than FDI. The external channel embodying FDI and R&D is an important channel for technology effect of carbon emissions reduction. Trade effect on carbon emissions reduction is not obvious, but trade helps to achieve energy conservation and emissions reduction in china. Fixed effect parameter estimation, adding the interaction of human capital and FDI, trade, and R&D, led to the conclusion that FDI effect on carbon emission reduction exists regional heterogeneity. The inhibitory effect of FDI on carbon emissions depends on the regional human capital level.
